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Introduction
Primary cardiac neoplasms are rare, occurring at a frequency of 0.0017-0.33%. 1 Cardiac metastases are 30-to 40-fold more common than primary cardiac tumors. 2, 3 Perhaps due to a propensity for hematogenous spread, malignant melanoma has one of the highest cardiac metastatic rates (27%), followed by lung cancer (21%), breast cancer (15.5%) and lymphomas (9.4%). [3] [4] [5] The majority of cardiac tumors are silent and found incidentally, either on imaging or during autopsy. 6 Only 10% of patients with cardiac metastases develop symptoms. 7 Clinical features vary depending on tumor location and burden. Commonly reported symptoms include irritability, shortness of breath, anorexia, fatigue and palpitations. 8 In cases where invasion of the myocardium is present, supraventricular and ventricular arrhythmias also may be observed. 9, 10 Monomorphic ventricular tachycardia is one of the most frequently reported types of cardiac metastasis-related ventricular arrhythmia in both children and adults. [11] [12] [13] [14] In contrast, polymorphic ventricular tachycardia (PMVT) in the setting of cardiac metastasis has been reported only once. 15 We describe an adult patient who presented with sustained PMVT as a manifestation of metastatic melanoma, and review the manifestations and consequences of cardiac involvement of melanoma.
Illustrative Case
A 66-year-old man with a history of malignant melanoma presented with a 3-week history of dizziness, near-syncopal episodes and generalized weakness. One year earlier, he underwent wide excision and lymph node dissection for locally advanced melanoma (nodular subtype, T4N3M0, stage III) of the left heel, but did not receive adjuvant chemotherapy. He did not have a history of structural heart disease or cardiac arrhythmia.
Upon arrival, telemetry demonstrated PMVT (Figure 1 ), a classification based on highly variable R-R intervals and moderately variable QRS complexes. Sustained ventricular tachycardia was terminated with defibrillation, and nonsustained salvos suppressed with infusion of amiodarone and lidocaine. Antiarrhythmic therapy was transitioned to oral mexiletine and amiodarone. Subsequently, normal sinus rhythm was maintained.
Initial laboratory work-up and coronary angiography yielded normal results. Transthoracic echocardiogram ( Figure 2 ) revealed a poorly circumscribed mass within the left ventricular apex extending to the pericardial space, thought to be consistent with a cardiac metastasis. This was subsequently confirmed by cardiac magnetic resonance imaging ( Figure 3 ; Online Video 1 at www.aurora.org/jpcrr). Overall left ventricular systolic function was preserved.
Whole-body positron emission tomography (PET) scan showed moderate fluorodeoxyglucose uptake in the left heel with additional intensive uptake in the liver, heart, lung, peritoneum, right lower extremity soft tissue, skeleton and left cerebellum. The results were considered to be consistent with disseminated malignancy; a tissue diagnosis was declined.
Discussion
Cardiac neoplasms are predominantly asymptomatic. 6, 16 Therefore, the true prevalence of cardiac tumors is unknown. Although primary cardiac tumors are rare, 1 secondary or metastatic tumors are not. The estimated incidence of cardiac metastases varies widely, with estimates between 2.3% and 18.3% based on postmortem studies involving patients with metastatic disease. 5, 16, 17 Malignant melanoma frequently metastasizes to the heart. 18 This may in part reflect a special tropism of the neural crest cells to the heart; cardiac formation involves a critical neural crest invasion, certainly contributing to the endocardial cushion structures and possibly to other components of the myocardium and epicardium. 19, 20 The invasion of the myocardium by the tumor may result in supraventricular and ventricular arrhythmias, primarily monomorphic ventricular tachycardia. Our illustrative case represents an unusual manifestation of cardiac metastasis presenting as PMVT.
PMVT is most commonly observed in patients with structural heart disease, channelopathies, or as a consequence of drug interactions or electrolyte abnormalities. [21] [22] [23] Reports of an intramural cardiac tumor leading to an unstable polymorphic rhythm are extremely rare. Whereas monomorphic ventricular tachycardia develops due to a focal reentry mechanism, 24 the mechanism underlying PMVT in this context is not wellunderstood.
There are several models proposed to potentially explain this mechanism. One is based on reentry mechanism. [24] [25] [26] [27] Data obtained from human and animal studies demonstrate that after myocardial infarction, asynchronous activation of muscle fibers follows the propagation of a slow activation wavefront through the scar area. 28 This area of slow conduction is the substrate for the reentry mechanism. Circuits may have multiple exit sites 29 or harbor colliding wavefronts. 26 Stevenson et al. 29 proposed that a reentry mechanism with multiple exits maintains the PMVT in patients late after myocardial infarction. Using computer simulations of figureof-eight circuits, 30 the effects of premature stimuli were simulated at elected sites in the circuit. This model helped to illustrate the exits of these one-direction pathways within the circuit (inner loop, common pathway and outer loop) as well as the differing R-R intervals and QRS morphologies corresponding to the different exits. On the other hand, Costeas et al. 26 observed the rotation of the reentry wavefront in the opposite direction around the same functional block in their study with a canine model of myocardial infarction. Similar to the postinfarction model, the interdigitating melanoma and myocytes presumably played the role of patchy fibrosis intermixed with viable myocardium in our patient.
Another concept describes a spiral wave drift model. 31, 32 With the use of optical mapping techniques in a twodimensional excitable medium, Pertsov et al. 32 illustrated drifting spiral wave activity in isolated epicardial muscle. This theory predicts that every excitable medium has a small, unexcited area that demonstrates the stable core of the spiral. Spiral waves around this core were initiated by twopoint stimulation at the same site. Drifting of the core during the excitation period resulted in changes to the ventricular tachycardia cycle length that ultimately manifested as PMVT. Attributing this manifestation of PMVT to a cardiac mass seems unlikely within this model.
The management of ventricular tachycardia depends on the diagnostic features of the arrhythmia and includes correction of electrolytes, discontinuation of the proarrhythmic drug, revascularization, defibrillation, antiarrhythmic therapy, implantable cardiac devices, ablation and resection of the arrhythmogenic focus. 33 The first-line therapy remains timely termination of sustained arrhythmias and, ultimately, A B pharmacologic suppression of arrhythmia salvos. However, there is no specific recommendation for the management of PMVT in the setting of intracardiac mass.
The prognosis for patients with metastatic melanoma is poor. Treatment is generally palliative 34, 35 and not standardized. In select patients with solitary intracardiac melanoma, surgical resection may provide relief of symptoms. 36, 37 Resection of left-sided malignant cardiac tumors is considered to be particularly challenging due to incomplete resection. 38 For complex cardiac tumors, cardiac autotransplantation (e.g. cardiac explantation, ex vivo tumor resection, reconstruction and reimplantation) also has been described. 39, 40 Our patient had stage IV metastatic melanoma that was deemed unresectable. Systemic treatment is the mainstay for disseminated malignant melanoma, while radiation and surgery play an adjunctive role. Until 2010, systemic chemotherapy with dacarbazapine had an overall survival of 6 months and was the optimal therapy for widespread malignant melanoma. 41, 42 Over the past decade, randomized trials with two new agents have demonstrated improvement in survival: ipilimumab, a monoclonal antibody against cytotoxic T-lymphocyte antigen-4 (CTLA-4) with survival of 10 months, 43 and vemurafenib, a BRAF kinase inhibitor with survival of 15 months in patients without wild-type BRAF. 44 A novel concept under investigation is vaccination strategies to induce active immunity targeting cancer cells of metastatic melanoma. These strategies have included vaccination with peptides (e.g. gp100), dendritic cells, nucleic acids (e.g. Allovectin-7) and heat shock protein complexes (e.g. vitespen). 45 The applicability of these therapies to the treatment of cardiac metastases is unknown.
Complete surgical resection of cardiac metastasis with adjuvant chemotherapy appeared to improve prognosis in a small subset of patients with no disseminated disease. 4, 46 Hiniker et al. 47 hypothesized that radiationinduced apoptosis may stimulate an antitumor immune response 48 in the setting of anti-CTLA-4 treatment. They employed radiotherapy combined with immunotherapy as a noninvasive in vivo tumor vaccine strategy in a patient with metastatic melanoma involving the liver. Follow-up PET scan demonstrated that all metastases, including nonirradiated liver lesions and a nonirradiated axillary lesion, had completely resolved.
Several important points should be emphasized in this review. Therapy for patients with malignant melanoma has improved recently. As a result, more patients may present with late complications of advanced disease, including cardiac metastasis. 4 Cardiac metastasis can manifest as either monomorphic or polymorphic ventricular tachycardia. Lysis of a transmural cardiac metastasis also could result in pericardial bleeding and hemodynamic collapse. It is not known whether some biologic agents for melanoma treatment may increase the propensity for cardiac metastasis, or whether this is simply the consequence of improved survival and the natural history of this tumor of presumed neuroendocrine origin. 49 
